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A molecular Ix-am laeility, which h.is bt»en rleHisruxl lo measure phoinehi‘mie;.| 
crnKfi-seclions, has been constructed at the Athena College science facility. The intc-gration 
of this vacuum systein into an operational photochemical instrument has been jx.*rformc(i v/ith ' 
signal processing consisting of Ix>th dc and ac techniques. Of the experiments pi-rformed to ' 
date on the vacuum ultraviolet photolysis of water vapor, it is apparent that a larger jiumpnig \ 
capacity ( pieferably with differential pumping) is required to improve uj»n the background 
signal. Both 'e'^ge-sensitive detection and ion-counting tecimiques are recommended for j 

future studies. i 
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I, INTRODUCTION 


The clelern<tnation of the photochemical c ronK*h»TUoi*i» of 
molecular cUtJ vapors is an important btcp in uniier.siauumy tiie complex 

proccbbeh in bOiar luduced reactions, whether the reaction occurb on 
Earth, Venub, a comet, or in an interstellar medium* The primary pro- 
cesses are imp rtant, if we are to determine what secondary reactions may 
occur and consequently predict overall what cl.emical products are lormeo 
as well as how rapidly the reactions proceed. Hence knowledge about che 
initial photodibsociative step is required i£ quantitative predictions are to 
be made concerning the nature of such clouds (spacecraft, planetary, or 
interstellar) and their formation. 

The emphasis of this study has been directed toward resolving 

1-4 

problem originally occurring around spacecraft. The water vapor out- 
gassing from most manned spaceflights has been very heavy and usually 
surrounds the spacecraft with the water vapor and some ice crystals 
forming a cloud. Spaceflight experiments which require no "atmosphere" 
then have been deprived of their original intent as a space experiment with 
no atmospheric effects. As cloud formation progresses it was felt that 
spectroscopic measurements might be ured to determine the column 
density of such a cloud and also to monitor the possibility of interferences 
to certain low light level experiments^ The nature of such measurements 
and their utility as r rn-onitoring tool will be presented later. 
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The uxperimenUi approdich used in thii» study has been to simulate a 

t>pacccrai't atmosphere (infrequent collisions, solar radiation, and moderate 

molecular densities) composed chiefly of water vapor and irradiate the 

molecules with vacuum ultraviolet radiation. The photodissociated molecules 

can .jc formed in either vibrationally or electronically excited species. The 

ability to observe radiation from these excited species would be very useful 

as a column density monitor. Also the molecular emissions observed from 

other planets and from other intcr-galactlc bodies may arise from similar 
5 

procubsefc. More research is needed in order to understand the nature of 
these radiative processes, and their relationship to photochemical processes. 
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IL TECHNICAL DISCU.SS10N 

In general, £or any photochemical reaction the primary chemical 
pr>ii.esb riiay he defined at- the first cheiruc-al step lolluwiji)^ the act of 
ab'iorption of radiation. The •■xcited molecule niciy lose this excesh. 
ei’c-rgy in several different ways, however, tile primary process of n terest 
to us is tne photodlssociauve step. We can label the cross-section -Mhich 
leads to photodissociation as the photochemical cross-section, defined by 
the relation 
dna 

where 

ria, = number density of species a 

f-x = light intensity 

05 ^ = absorption cross-section 

* quantum yield of dissociation 
dx = interaction element 

the competing processes, i, e. , fluoresence, pho sphere sene e, and even 
direct chemical reactions, do affect the value of ^ * At low pressures or 
in molecular beam experiments where the collision rate is low, direct 
chemical reactions or energy transfer processes should not significantly 
affect ^ • 

The quantum yield should be a varying quantity depending upon the 
nature of the excited state which is populated by absorption of light at 
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T\ . The usual Uelinuion is ^iven by 

^ ot molecule.' «ji.-.sociatccl 

^ number of moleculet. absorbing at A 

and IS thus labelled as the quai.'um yield foi dissociation. Several workers 

in the field make measuremi-i i at only one wavelength and assume that 

the quantum yield remains the same throughout the electronic transition. 

This IS not always true since different vibronic states can lead to different 
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diNaOciaiive channcib and also one cannot always be sure of the existence 

of more than one electronic transition in the same spectral region. The 

nature of the excited states in water vapor which lead to spectral absorp- 

7 


tion from 1&3. 0 - 123, 6 nm is not very well known and more information is 
needed for this spectral region. Figure 1 illustrates the spectral croos- 
seciion for water vapor. 


The radiative spectra of the dissociated species is important in 
determining how the initial photon energy is distributed among the photolysis 
products. Thus our efforts here were aimed also at the nature f the 

7 

spectral ♦‘missions from the hydroxyl radical. It has been documented 
that OH emission near 310. 0 nm occur f if the electronic state near 130, 0 nm 
is populated, where the crossover point to this photodissociation channel 
occurs is not known. It is fairly evident that one has to be able to 
continuously scan the excitation energy to observe where this cross- 
over energy occurs. It is also near this spectral region (123, 6 nm) that 

8 

Hg has been observed as a photolysis product. Measurements of this 
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natui*L‘ are required ii pUotuclttibOcrtt.ful ^«r«dncth (s» iy o£ water vapor) are 
to be Ubcd ab column ueiibity nionitori;- o£ cload», etc» » 


m. fc:XPh:KIMLNTAL DETAILS 


Thf experimenti performed for thia utudy were carrit*«l out on .» 
vacuum syfitem specificatlly constructed for this project at AthenH CoileKe, 

Till; uxpersnjcutal .ipparaitus con«jsted of a vacuum chamber approximateiy 
ciii ion>4 and ^4 cm in diameter* An Extranuclear q.-adrupole mass 
bpectromelcr wav locatod inside the chamber parallel to the long dimension. 

A copper tubing with a one inch 0, 5 mm diameter orifice for directing Uie 
water flux into the chamber was located at the other end of the chamber. 

The water flux has been directed toward the quadrupole (parallel) as well 
as perpendicular to the line extending out from the ioniser. The two 
positions are labelled parallel and perpendicular in Table I* The main 
chamber has been pumped through a liquid nitrogen baffle with an oil 
diffusion pump rated at approximately 700 liters/secondt giving an 
overall pumping speed of about 500 liters/second. 

A one-meter vacuum spectrograph has been used as a monochromator 
in order to isolate particular wavelengths for the photolysis *»xperiments. 

A hydrogen discharge lamp has been used as the vacuum ultraviolet light 
source. Its emission spectrum is given in Figure XX. The line structure 
around 16?, 0 nm is ihe most intense region and is a very good photochemical 
light source. The 121.6 nm is also a useful region. These two spectral 
regions were used in our prelin.inary studies since more positive results 
are to be expected for these regions. 
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TJie beam aiid lae w..ier liux > ro.^b iti aa interaction region 

approximately 4 contimete Tfa irom the quadrupol*; lOiuaer. The u&ual 
experimental parametei b eonaisted oi a puoton ilux of approximately 

9 

IZ 

to phot oi.s./ bee. The water Uux wai* calculated Ubiag the relationehip 

molecular = 1 1, \ At> F -> moleculee/Me*. . 

flux K 

where 

K ~ geometry of eource 
Ay s area of eource 
Pg = prebfaure of source 
M « molecular weight of vapor 
Tg - temperature within source 

Hence for water vapor at 298°K, K**-l« px'easure = 0,21 newton«/m^ 

(10 mm Hg) and a 0, 2 mm orifice we have been obtaining approximately 
2. 3 X 10^^ molecules/ sec. A one centimeter reaction volume then gives 
approximately 2 x 10^^ molecules /cm^. 

Since water vapor has an absorption crose-section of approximately 
••18 2 12 

5 X 10" cm , at least 10 water molecules absorb radiation. Assuming a 
quantum ef£iciency^-»-'0, 5 (which we have not proven yet) and isotropic 
scattering then at least 4 x 10^ fragments should scatter toward the mass 
spectrometer to be detected. Thus we do not expect to see a very large 
fragment current. From the above conditions, the ionizer efficiency will 
dictate the overall signal. 
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A mmibcr of U:clinique» tirive hefw .ipplieU in ibm work, Tho ma.ia 
varuitioi.^ for the ii^Ut source have bt,* n «. itlu.*r lo use pulneij 
source or to Use a, cw discharge, Tuc puised iignl »oarce is richer iti 
vacuum ultruvioiet radiation Imt gives a very low dc signal, so we irieu 
.1 cw iigbt hource Using dc elec tronics and simple phase>scnsitive detec* 
iiuii. perceptible photolyaed species \ are detected using eitlier 

.ipjiro.icit, Oiie major difiiculty is that OH fragments can be formed 
eitiicr by Uoiuba f u.ng water molecules with electrons (as the mass 
spec . ‘*oi>-.i;ter L.ues) as well as with photons of certain energ,es. In 
order to decrease me fragmentation of H 2 O hy electron impact, we 
had to use very low energy electrons (»^ 16 ev) and consequently a 
low electron flux. Hence we typically ran at 15 ev and 2 ma electron 
filament current which gives an electron flux, approximately 10"^ 
amoeres. 

The typical background pressure with a water flux 01 10^^ molecules /sec 
was 2. 13 X i(T^ newtons /m^ (1 x ICT^ mm Hg), which was really too high 

•t I c * 

since the background OH (amu - 17) was then approximately 3 x 10" amps. 

The cw discharge also has been tried, but also with no success. The 
effect of the light source was substantiated by the opening and closin;j 
of the spectrograph shutter. In all the e>q>eriments reported here, there 
was no perceptible change In the measured hydroxyl current which 
correlated with vacuum ultraviolet radiation. The installation of a light 
chopper between the Incoming cw beam and the interaction region plus 

. 8 . 



phawe^kcnHitive detection did imt «»eein tv« The mta.»mred hydfoxyl 

current dropped lo nothing although *nt. i»i nbitivity of th'* experiment* nhouid 
be viiou;,Jn A**oUier approach which would liave been tri»?u il lime had 
i^ut run out was to use the photon « ouider and a pulsed lignt sourt e. The 
»ixnal«*to>nuiHe ratio may stili not bc' enough if the backgrounu signal was 
too high. A review ot experimental arrangements and remarks about 
their results is given in Table I. A number oi run* were made in which 
a gas chromatograph integrator was used to increase the s<gnai-to-'noise 
ratio. Under the prevailing conditions above, there was no perceptible 
increa;> in the signal-to-noise ratio. 
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iV. iOKS !■ OR FU'lUhiV i .Xi»h.KiMi^N i \S 

II lb recomiTitnvclL'Cl lUat expyritiieiilb ot luis luttuff be corilinutHl 
tVi« err j>hdbi b on the phoLoehemlcal >. section, A if\v iiiO<lii,ta- 

tioub lo the pi‘eb'n,t photolysib ^ybicm, wnich m loe^ted at AUn-ns College, 
IS recorturientli-il, Tb<* addition of a vacuum chamber section, wuxch 
containa ine interaction region and beam aource, and it dilierentiateiy 
pumped would alleviate the background problem. It is suggested that 
a fa.,tur pumping speed be used (i, e, , 1400 liters per secon »). Brngmg 
the background pressure to 2, 31 x 10“^ newtons/ m ^(10”*^ mm Hg) will 
result in negligible background so that eithirr pnase sensitive detection 
or ion counting techniques are possible* The use of ion counting should 
eliminate some of the signal- to- noise problems, provided the background 
is reduced. It is also recommended that some kind of chopping mechanism 
be retained since the phase sensitive detection is required for the signal 
handling of the hydroxyl (photolyzed) to OH (electron impact) ratio, 

A further consideration is to the nature of the excited electronic 

state involved in the photodissociated step. If polarized light were 

used then one can interpret by tlie scattering angles what symmetries 

10 

arc involved in tlie excited state. There should be some consideration 
for extending this approach to the vacuum ultraviolet. 
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V. NUMMARY 


A molecular beam system has been constructed at Athens College 
for observing the photodissociation ci molecular compounds and for 
determining their photochemical cross-sections. The research to date hah 
indicated the types of modifications necessary to improve expe.’mientai 
determinations. Our results with dc signal processing indicates that 
the high background level Is deleterious to measuring photolyzed fragment 
currents. The ac techniques have more potential for observing only the 
photolysis events, assuming that the background signal does not swamp 
the detector. 

It is recommended that future experiments incorporate higher 
pumping speeds and that the quadrupole chamber and the photolysis 
chamber be pumped differentially. Both ac and ion counting techniques 
should be investigated as both techniques maintain a hijg^ signal-to*noise 
ratio. With a substantial decrease in the background signal then we 
should also consider the possibility of using polarized light so that the 
nature of the fragmenting states can be better defined. 
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FIGURK I. WATKR ABSORPTION SPFCTRUM 
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